A checklist of fishes recorded from Mar Muerto, La Joya-Buenavista, and Los Patos-Solo Dios lagoon-estuarine systems, northeastern Gulf of Tehuantepec, Mexico is presented. Fish samples were collected through 34 stations using several kinds of fishing gear, between April 2007 and May 2016. The checklist includes 2 classes, 19 orders, 52 families, 87 genera, and 120 species. The best-represented families are Carangidae (9 species), Gerreidae (7), and Engraulidae (6). The Mar Muerto system had 89 species, followed by La Joya-Buenavista with 76; in Los Patos-Solo Dios, only 41 species were recorded, perhaps due to a lower marine influence. Based on their ecological affinities, 43% of the fishes belong to marine stenohaline component, 42% to the marine euryhaline component, 11% are of freshwater derivation, and 5% are estuarine residents. The ichthyofauna showed high affinities to the Panamic province (80.7%) followed by Mexican (79.8%) and Cortés (73.1%) provinces. Nine species (8 native and 1 exotic) are added to the known continental fish fauna of the state of Chiapas.
Introduction
The Gulf of Tehuantepec (GT; 14°30'-16°13' N, 96°07'-92°14' W), southern Mexico, is one of the most important marine coastal regions in the Middle American Pacific. The peculiarity of its environmental processes, such as upwelling, current patterns, winds, and freshwater discharges, leads to high productivity that supports artisanal and industrial fisheries (Tapia-García, 1998; Wilkinson et al., 2009 ). The GT is also recognized as an ecoregion of the Tropical Eastern Pacific, with confluence of 2 coastal marine zoogeographical provinces: Mexican and Panamic (Briggs, 1974; Lara-Lara et al., 2008) .
Although the demersal fish fauna in the GT is relatively well characterized (Bianchi, 1991; Martínez-Muñoz et al., 2016; Núñez-Orozco et al., 2013; Tapia-García, 1998) , studies focused on coastal lagoons are rather scarce, despite their importance as nurseries and feeding sites for many commercial species (Contreras, 2010) . The information available on the composition of estuarine ichthyofauna in the GT is restricted to some inventories in the northern region (Chávez, 1979; Tapia-García et al., 1998) and the Biosphere Reserve "La Encrucijada" (Díaz-Ruiz et al., 2006; Gómez-González et al., 2012) .
In recent decades, the problems of siltation, eutrophication, mangrove deforestation, and collapse of fisheries have increased in the lagoon estuarine systems of the GT (Rivera-Velázquez et al., 2009; Tovilla-Hernández, 2004) . Fish are a key ecological component in tropical coastal lagoons. They have a wide range of species at several trophic levels, so their use as an indicator group of biotic integrity of coastal ecosystems is feasible (Pérez-Domínguez et al., 2012; Xu et al., 2011) . In this context, checklists represent an indispensable tool for understanding the structure of fish assemblages, ecosystem modeling, and development of strategies for biodiversity management.
In this work, we carried out an inventory of fish species present in 3 lagoon-estuarine systems in the northeast region of the GT. The list includes notes on its ecogeographical and biogeographical affinities as well as its conservation status.
Material and methods
Sampling was conducted in the lagoon-estuarine systems Mar Muerto (MM; 15°58'-16°17' N, 93°50'-94°25' W), La Joya-Buenavista (JB; 15°48'-56' N, 93°32'-47' W), and Los Patos-Solo Dios (PSD; 15°31 '-40' N, 93°15'-25' W,) (Fig. 1 ). These are shallow coastal lagoons with a sandy barrier class of III-A (Contreras, 2010; Lankford, 1977) . The tides are mixed, predominantly semidiurnal, with a mean range of 1 m. Climate is tropical wet-dry, with 2 distinct seasons: rainy (June-October) and dry (November-May). The distribution of annual precipitation increases west to east from below 1,000 mm to over 1,600 mm. The mean temperature is about 28 °C. Mangroves (Avicennia germinans, Rhizophora mangle), marshes (Batis maritima, Sporobolus virginicus), and agricultural and semiurban areas surround the systems. The main rivers (e.g., Tapanatepec, Lagartero, Los Horcones, San Isidro) have reduced their flow in recent decades, limiting the freshwater input to coastal lagoons (Tovilla-Hernández, 2004) . The northeastern GT groups 3 priority marine regions of Mexico (Arriaga-Cabrera et al., 1998) , a Ramsar site, and the federal protected area "Santuario Playa de Puerto Arista" (Conanp, 2016) .
Mar Muerto, shared between the states of Oaxaca and Chiapas, is one of the most extensive coastal lagoons in the Mexican Pacific (c. 720 km 2 ). At its southeastern end, the system is connected to the sea through a 1.3-km-long inlet (Boca de Tonalá). Its depth varies between 1 and 3.6 m, with the deepest area in the inlet. During the early dry season, the southward wind events generate surface currents, which affect depth and temperature. The limited supply of seasonal streams generates hyperhaline conditions (salinity up to 55 psu) during the dry season (Contreras-Espinosa et al., 1994; Tapia-García et al., 2011) . We established 10 sampling sites in this system (#MM 1-10; Fig. 1A ). All of the samples in this system were collected between October 2014 and May 2016, with additional material collected in April 2007 , February 2008 , and April 2010 only from the sampling stations 2, 3, 4, and 10. y Engraulidae (6). El sistema Mar Muerto tuvo 89 especies, seguido de La Joya-Buenavista con 76. En el sistema Los Patos-Solo Dios únicamente se registraron 41 especies, debido quizá a una baja influencia marina. Según la afinidad ecogeográfica, 43% del total fueron especies marinas estenohalinas, 42% marinas eurihalinas, 11% dulceacuícolas y 5% residentes estuarinas. La ictiofauna mostró una alta afinidad a la provincia Panámica (80.7%), seguida por las provincias Mexicana (79.8%) y Cortés (73.1%). Nueve especies (8 nativas y 1 exótica) se adicionan a la ictiofauna continental conocida de Chiapas.
Palabras clave: Ictiofauna; Mar Muerto; La Joya-Buenavista; Los Patos-Solo Dios; Chiapas; Lagunas costeras; Afinidad ecogeográfica https://doi.org/10. 22201/ib.20078706e.2018.1.1927 La Joya-Buenavista (47.5 km 2 ) is a shallow and seasonally polyhaline system with restricted oceanic exchange. Interconnected lagoons (La Joya, Cabeza de Toro, Buenavista) communicate with the GT through a dredged channel 2.4 km long (San Marcos) that leads into the inlet of the estuarine channel (Boca del Cielo). The system shows a high concentration of nutrients; therefore, it is considered one of the most productive coastal lagoons in the Mexican Pacific (Contreras, 2010; ContrerasEspinosa & Zabalegui-Medina, 1991) . Here, we established 15 sampling sites (#11-25; Fig. 1B ). The samples were collected between May 2013 and June 2016.
Los Patos-Solo Dios (113 km 2 ) comprises several small and shallow lagoons (Los Patos, El Mosquito, La Balona, Pampita) interconnected by narrow channels, and connected to the GT through the dredged channel Joaquín Amaro (12 km). A greater number of ephemeral streams drain into the system, so mesohaline conditions prevail seasonally. Because the Barra de Santiago-Iolomita inlet is closed, the main tidal influence occurs through channels that are connected to adjacent systems. Nine sampling sites (#26-34) were established (Fig. 1C) . In this system, collections were made between August 2014 and October 2015.
Fish were collected with a 20-m long by 2-m deep and 56-mm-mesh-size gill net, a 4-m diameter and 15 mm-mesh-size casting net, a 5-and 10-m long by 2-m deep and 5 mm-mesh-size seine nets, spoon net, cod-end net, harpoon, and some complementary samples from local fishermen. At most sampling events, salinity at midwater was measured with a refractometer or a multiprobe meter (to the nearest 0.1 psu). The fish specimens were fixed in a 10% formalin solution during 1 week, then washed in water during 1 day, and finally preserved in 70% ethanol. Then they were deposited in the fish collection (CHIS-PEC-210-03-09) of the Museum of Zoology, Instituto de Ciencias Biológicas, Universidad de Ciencias y Artes de Chiapas (UNICACH, Tuxtla Gutiérrez, Chiapas, Mexico; see museum vouchers in Appendix). Fish were identified to species level with the taxonomic keys of Bussing and López (2011), Castro-Aguirre et al. (1999) , Fischer et al. (1995) , and Miller et al. (2009) , original descriptions, and recent systematic reviews. The systematic checklist was arranged by order and family following the classification of Nelson (2006) ; genera and species within families were arranged in alphabetical order. Nomenclature of taxonomic units follows Eschmeyer et al. (2016) . For a general description of the fish community structure, the species recorded between 2013 and 2015 through standardized sampling (with cast net, gill net, and seine net) were classified by their residency status in lagoon-estuarine systems using the relative frequency of occurrence as: Permanent resident (> 80%), Seasonal/ Recurrent visitor (50-80%), Transient/Occasional visitor (20-49%), and Rare (< 19%).
The ecogeographical affinity classification according to salinity tolerance was based on criteria of Castro-Aguirre et al. (1999 ), Miller (1966 , and Myers (1949) . The species were classified into 4 groups: estuarine resident, euryhaline, stenohaline, and freshwater (primary or secondary). The biogeographical affinities and distributional ranges of the species were based on Briggs (1974 Briggs ( , 1995 
Results
This study recorded 120 species belonging to 87 genera, 52 families, 19 orders and 2 classes. The order Perciformes is the most diverse, with 66 species, representing 56% of the total recorded species. The most speciose families were Carangidae (9 spp.), Gerreidae (7), and Engraulidae (6), whereas Poeciliidae, Lutjanidae, Haemulidae, Sciaenidae, and Gobiidae had 5 species each. Twenty-six families had only 1 species. The checklist (Table 1) shows the presence of species in each system.
The most frequent species in the studied systems were Gerres simillimus (62% of the sampling stations), Astatheros macracanthus (62%), Diapterus brevirostris (59%), Eucinostomus currani (56%), Centropomus robalito (56%), Lile gracilis (53%), and Gobionellus microdon (50%). Fifty-three percent of the species were recorded using the standardized methods. The structure of the fish assemblages based on the residency status is characterized mainly by rare species (82% Values and ranges of salinity are presented here for 97 species collected at sites with conditions ranging from limnetic (0.6 psu) to hyperhaline (45 psu) in all 3 systems. The specific richness according to ecological affinity based on salinity tolerance is shown in Figure 2 .
Zoogeographically, the ichthyofauna was mainly related to 3 provinces: Panamic (80.7%), Mexican (79.8%), and Cortés (73.1%). A few fish are related to Circumtropical (3.4%), Amphi-Pacific (1.7%), or Amphi-American (0.8%) distributional patterns. The Freshwater component is represented by families Lepisosteidae (Atractosteus tropicus), Characidae (Astyanax aeneus), Anablepidae (Anableps dowei), Poeciliidae (Poecilia nelsoni, Poecilia sphenops, Poeciliopsis fasciata, P. pleurospilus, P. turrubarensis), and Cichlidae (Amphilophus trimaculatus, Astatheros macracanthus). The only exotic component is the cichlid Oreochromis niloticus. Four species were recorded with some national or international risk category (Table 1) .
Discussion
The fish composition recorded in this study is similar to that reported in other coastal lagoons in the GT (Gómez-González et al., 2012; Tapia-García et al., 1998) . This represents 21.7% of the continental components (548 spp.) and 8.6% of all the shore-fish fauna (1,358 spp.) known for the Tropical Eastern Pacific (Robertson & Figure 2 . Fish fauna specific richness in Mar Muerto, La JoyaBuenavista, and Los Patos-Solo Dios lagoon-estuarine systems. Table 1 Systematic checklist of fishes of 3 lagoon-estuarine systems in the northeastern Gulf of Tehuantepec. (*) New records for inland environments in Chiapas. Risk categories are according to the NOM-059-SEMARNAT-2010: ( PR ) Subject to special protection; and the IUCN Red list of threatened species: ( LC ) least concern, ( NT ) near threatened, ( VU ) vulnerable. Table 1 Continuación. Allen, 2015) . Likewise, the checklist contains 66% of continental fishes recorded in the coastal basins of Chiapas (165 spp.; Pacific Subprovince; Velázquez-Velázquez et al., 2013). Additionally, this study reports 10 species that had not been previously recorded in inland waters of Chiapas: Atherinella panamensis, Fistularia commersonii, Epinephelus labriformis, Pseudupeneus grandisquamis, Stegastes flavilatus, Halichoeres dispilus, Nicholsina denticulata, and Acanthurus xanthopterus. Differences in species richness among the 3 systems may be associated with factors such as seasonal pattern, rainfall, diversity of habitats, lagoon area, width and dynamics of inlets, substrate, and mangrove cover (González-Acosta et al., 2005; Mendoza et al., 2009; Raz-Guzmán & Huidobro, 2002) . The highest richness was found in the MM system with 89 species, which is higher than the 66 reported by Tapia-García et al. (1998) in the same locality, although in our study fewer stations were sampled. This system has the highest diversity of euryhaline and stenohaline marine components, reflecting a strong marine influence. Lower richness and diversity of marine species in PSD are due to a limited oceanic exchange, because the main inlet of the system remained closed during the sampling period. Checklists for the JB and PSD systems are documented for the first time here.
Species richness in both MM and JB systems was higher than reported for other coastal lagoons of the GT, such as Superior-Inferior (47 spp.; Tapia-García & MendozaRodríguez, 2005) , Oriental-Occidental (72 spp.; Chávez, 1979), or Carretas-Pereyra (67 spp.; Gómez-González et al., 2012) . At a regional scale, the area of the lagoonestuarine system and the width of the adjacent continental shelf may be critical to determine the fish richness (Passos et al., 2012; Vasconcelos et al., 2015) . Area partly explains Gómez-González et al., 2012) . Also, a part of such differences among ichthyofaunas may be due to incomplete sampling in all the diversity of estuarine habitats, and a lack of standardization in the use of fishing gear for surveys (Blaber, 2002) . In this study, elasmobranchs were represented by order Myliobatiformes, with 4 species. Castro-Aguirre et al. (1999) mentioned unpublished records of 18 species (8 families) with presence in MM at the locality of Paredón. Most species of elasmobranchs are stenohaline, and their incursion into brackish waters can be associated with high salinity during the dry season.
The high diversity of Engraulidae, Carangidae, and Gerreidae is commonly found in coastal lagoons of the GT (e.g., Tapia-García et al., 1998; Tapia-García & MendozaRodríguez, 2005; Gómez-González et al., 2012) . The euryhaline capacity of many species in these families is key to explain the structure of demersal fish communities, related to the heterogeneity of intertidal environments (Martínez-Muñoz et al., 2016) .
Marine ichthyofauna in estuarine-lagoons of the GT is composed of many species widely distributed between the provinces Cortés and Panamic, dominating species of tropical derivation over those of temperate origin. Although the GT is located at a critical point of the Central American gap, this has a limited effect on the fish fauna at the regional level in the Mexican tropical Pacific (PalaciosSalgado et al., 2014; Robertson & Cramer, 2009) . From the standpoint of the continental biogeography, the Pacific slope provinces in northern and nuclear Central America are characterized by a low representation of primary derivation species (Cichlidae and Poeciliidae are the most speciose families), dominating components of marine and neotropical origin (Lozano-Vilano & Contreras-Balderas, 1987; Matamoros et al., 2015; Myers, 1966) .
The exotic cichlid O. niloticus was found in JB; this is its third record in estuarine localities in Chiapas (Gómez-González et al., 2012) . Although the species is not widely distributed in these environments, their presence implies a potential impact on native communities, considering the constant release of organisms, deliberate or incidental, as part of public policies for aquaculture development.
This work provides a data set relevant for assessing the composition of estuarine fish fauna in a poorly studied region. While the high number of species found reflects the extent of the inventoried area and the sampling effort with multiple fishing gears, it is also due to the complexity of their coastal lagoons. The list may be increased by sampling in other habitats, such as mangroves, marshes, and swamps. Intertidal environments in the GT could be among the most diverse in the Mexican Pacific (Gómez-González et al., 2012) . Although it has been suggested that the Tropical Eastern Pacific fish fauna is well studied (Allen & Robertson, 1998; Robertson & Allen, 2015) , information specific to most coastal lagoons is still scant. Increased knowledge of the fish fauna can generate inputs for a more precise regionalization of coastal areas. Annotated checklists represent an essential component for the development of management strategies in a priority region for artisanal fisheries and coastal ecosystems conservation. identification. Also thanks to the fishing cooperatives of Santa Brígida (La Gloria, Arriaga), Miguel Hidalgo y Costilla (La Polka, Tonalá), Unión y Trabajo (Joaquín Amaro, Pijijiapan), and El Madresal Ecotourism Center (Ponteduro, Tonalá), especially to Juan Flores, Mauricio Ovando, Nahum Ordóñez, Jesús Villalobos, Fabián Ordóñez, and their families. Anonymous reviewers provided useful suggestions. The collection of endangered species was performed under permit SGPA/DGVS/00488/16. This paper constitutes a partial fulfillment by the first author of the requirements to obtain a Doctor of Science degree within the Posgrado en Ciencias Biológicas of the Universidad Nacional Autónoma de México. El Consejo Nacional de Ciencia y Tecnología granted a scholarship to the first author. 
